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Abstract
We present a class of extensions of the MSSM characterized by a fully chiral field content
(no µ-terms) and no baryon or lepton number violating term in the superpotential due to
an extra U ′(1) gauge symmetry. The minimal model consist of the usual matter sector
with family dependent U ′(1) charges, six Higgs weak doublets, and three singlets required
to give masses to the Higgsinos and cancel anomalies. We discuss its main features such
as the tree level mass spectrum and the constraints on flavor changing processes.
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1 Introduction
Supersymmetry (SUSY) is a deep theoretical idea whose relevance to Electro-Weak (EW) sym-
metry breaking is now being tested at the LHC. In this context, most of the attention has been
focused on the minimal extension of the Standard Model (MSSM) consisting of a supermulti-
plet for each known matter field and gauge boson and a pair of Higgs doublets (for a review
see [1]). Minimality is certainly appealing for many reasons. To begin with, if SUSY is realized
in nature, all of the particles of the MSSM are guaranteed to exist. Furthermore, minimality
allows to control, at least to some extent, the vast parameter space coming when SUSY is
spontaneously broken and to set up benchmark points to be used as guidelines in the search
for new physics.
In the case of the MSSM however, minimality comes at a price. The accidental symmetries
that follow from gauge invariance and chirality in the Standard Model and prevent e.g. proton
decay no longer arise automatically in the MSSM and need to be enforced by imposing R-parity
or other discrete symmetries. Furthermore, one of the main reasons to believe that SUSY is
relevant to physics at the TeV scale is the fact that it solves the “hierarchy problem” arising
in the presence of light fundamental scalars such as the Higgs. In the MSSM however, this
solution is only partial, since one is required to introduce the µ-term in the superpotential,
which, while technically natural (the superpotential in not renormalized) begs the question of
why it should be at the same scale as EW breaking. Lastly, in view of the discovery of a Higgs
boson at 126 GeV [2, 3] and the failure to observe colored superparticles, the pure MSSM itself
is starting to look quite fine-tuned (see e.g. [4, 5] for recent reviews).
The µ problem is due to the fact that the MSSM matter content is not “fully chiral”
since the two Higgs doublets Hu and Hd together form a real representation of the gauge
group. Chirality has certainly served us well in the Standard Model, preventing bare fermion
masses and unwanted couplings but it is not fully exploited in the MSSM. Some of the popular
extensions of the MSSM, such as the NMSSM (reviewed in [6]), solve this problem at the cost
of adding an ad hoc discrete symmetry, and one wonders what the minimal fully chiral model
with only accidental global symmetries might look like. This question needs to be made more
specific in order to be properly analyzed, so in this paper we address the following issue: what
is the minimal extension of the gauge group and the Higgs sector of the MSSM for which all
SUSY masses (µ-terms) and baryon number (B) and lepton number (L) violating terms are
forbidden? We shall see that it is possible to satisfy these requirements by extending the gauge
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group by a single U(1)′ and the Higgs sector by a total of six Higgs doublets (instead of the
two of the MSSM) and three U(1)′ charged singlets.
We shall work in a strictly “bottom-up” approach and give up manifest grand-unification.
Our approach necessarily leads to some amount of tree level Flavor Violation (FV) which is no-
toriously strongly constrained by many experimental observations. We will discuss this point in
section 3 together with the tree level spectrum for the minimal model, but one interesting point
worth mentioning already is that only the weak singlets are allowed to have family dependent
charges, thus evading the strongest constraints on FV. (See e.g. [7, 8].)
More models can be obtained by changing the structure of the superpotential and increasing
the number of singlets but the minimal model we present is singled out amongst all those found
by an extensive computerized search by having a unique set of charges.
In section 2 we discuss the basic assumptions that go into the formulation of these class of
models and present the minimal solution. In section 3 we discuss some of the basic phenomeno-
logical features of the minimal model.
The MSSM with extended gauge group by an extra U ′(1) is often denoted by UMSSM [9,
10, 11]. The literature on the subject is vast. Earlier work on flavor U ′(1) includes [12, 13, 14].
Previous versions of chiral UMSSM (different from ours) are given in e.g. [15, 16, 17, 18, 19,
20, 21, 22, 23]. In almost all these models it is required to include additional colored superfields
(exotics) for anomaly cancelation, which we avoid.
2 Construction of the model
Our objective is that of constructing a fully chiral renormalizable model by extending the Higgs
sector while keeping the same matter sector as the MSSM. Clearly this cannot be reached with
the standard gauge content. Requiring the gauge invariance of the Yukawa couplings forces the
Higgs fields of u and d type to transform as weak doublets with opposite hypercharge. The
minimal extension is that of adding just one extra U(1) gauge group, henceforth denoted by
U(1)′, under which the fields in the Higgs sector are charged in order to prevent µ-terms. Some
of the matter fields in different families will also carry different U(1)′ charges. If this were not
the case, it is easy to see that the Higgses would, once again, have equal and opposite U(1)′
charges allowing a µ-term.
We thus assume a “matter sector” consisting of the usual three Qi, ui, di, Li, ei families,
(i = 1, 2, 3 family number) as in the MSSM. For ease of notation we refrain from putting tildes
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or bars on the fields–all superfields are assumed to be chiral (with left handed fermions) under
SUSY and the scalar components are denoted by the same symbol 1.
The matter sector acquires a mass by renormalizable couplings to an extended “Higgs
sector”, comprising of a number of Higgs pairs (Hau , H
a
d ), a = 1 . . .m carrying the usual MSSM
quantum numbers and a U(1)′ charge. Finally, we need a number of U(1)′ charged MSSM
singlets Sr, r = 1 . . . n, to give mass to the Higgsinos via a coupling of type HuHdS and to
cancel the anomalies. We refer to these fields as “the singlet sector”.
We will impose that the extra U(1)′ symmetry automatically forbids any dimensionfull
coupling in the superpotential W , namely any linear combination of the following terms
Sr, SrSs, HauH
b
d, H
a
uL
i 6∈ W. (1)
Furthermore, we impose that the same gauge symmetry forbids dimension three B or L violating
terms in the superpotential, i.e. any linear combination of terms like
uidjdk, LiLjek, LiQjdk, LiHauS
r 6∈ W. (2)
Eqs. (1) and (2) translate into a set of inequalities for the U(1)′ charges to be satisfied by our
solution. Condition (2), which essentially forbids the same (dimension four) terms as those
usually called R-parity violating (RPV), might need to be relaxed in light of the recent LHC
searches failing to see large amounts of missing energy. Our strategy could easily be modified
along these lines.
Thus, the most general form of the superpotential in our construction is
W = yuijaQ
iujHau + y
d
ijaQ
idjHad + y
e
ijaL
iejHad + κabrH
a
uH
b
dS
r + λrstS
rSsSt, (3)
The first three terms are required to give masses to the matter fields. We will assume that all
possible such terms are actually present (no “textures”), although even this condition could be
relaxed if needed.
The presence of a new gauge group introduces a whole new set of anomaly cancelation
conditions namely: SU(3)2CU(1)
′, SU(2)2WU(1)
′, U(1)2YU(1)
′, Grav2U(1)′, U(1)YU(1)
′2 and
1Additional (weak singlet) neutrino superfields vi could also be added in order to construct Dirac masses.
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U(1)
′3. In the obvious notation for the charges, they read
3∑
i=1
(
2qiQ + q
i
u + q
i
d
)
= 0, (4)
3∑
i=1
(3qiQ + q
i
L) +
m∑
a=1
(qaHu + q
a
Hd) = 0, (5)
3∑
i=1
(qiQ + 8q
i
u + 2q
i
d + 3q
i
L + 6q
i
e) +
m∑
a=1
(3qaHu + 3q
a
Hd) = 0, (6)
3∑
i=1
(6qiQ + 3q
i
u + 3q
i
d + 2q
i
L + q
i
e) +
m∑
a=1
(2qaHu + 2q
a
Hd) +
n∑
r=1
qrS = 0, (7)
3∑
i=1
(qi2Q − 2qi2u + qi2d − qi2L + qi2e ) +
m∑
a=1
(qa2Hu − qa2Hd) = 0, (8)
3∑
i=1
(6qi3Q + 3q
i3
u + 3q
i3
d + 2q
i3
L + q
i3
e ) +
m∑
a=1
(2qa3Hu + 2q
a3
Hd) +
n∑
r=1
qr3S = 0. (9)
Further linear constraints come from the requirement (3) that all the Yukawa couplings be
U(1)′ invariant. We will take (3) to represent such linear system.
To begin with, we can make the following general statement: It is impossible to fulfill the
chirality conditions (1) with only one or two Higgs pairs, i.e. we must take m = 3 in the
minimal case. (In non-SUSY models, an attempt of assigning a different Higgs field to each
family can be found in [24].)
This fact is true regardless of the number n of singlets. It is easy to see that just one single
pair (Hu, Hd) will not work by adding all the Yukawa conditions for the quarks
∀i, j : qiQ + qju + qHu = qiQ + qjd + qHd = 0. (10)
Comparing with (4) we see that qHu + qHd = 0 violating (1). The same conclusions can be
reached for two Higgs pairs (m = 2). One has to consider all possible independent positions of
the Higgs fields in the Yukawa terms and use only the anomaly conditions that do not involve
the singlets. (The linear conditions (4), (5) and (6) are enough.)
With m = 3 one can satisfy (1), (2) and (3), together with (4), (5), (6) and (8) in many
ways corresponding to different distributions of the Higgs fields into the Yukawa couplings. We
chose the only combination that is phenomenologically allowed, namely the one that gives to
the matter weak doublets Q and L family independent U(1)′ charges (see discussion in [7, 8]).
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Thus, from now on, the Yukawa matter couplings in (3) are taken to be
W ⊃ yuijQjuiH iu + ydijQjdiH id + yeijLjeiH id, (11)
where we use the same index for the Higgs fields since they are now associated to the family.
We can now start adding singlets. The systematic approach is to add one singlet at the
time trying to preserve the above conditions. An analysis similar to the one discussed above
shows that it is impossible to fulfill the chirality condition (1) with less than three singlets. We
thus assume n = 3 singlets as well and search for all possible ways to couple them to the Higgs
doublets in the superpotential.
In performing this search there is a further requirement coming from imposing the absence
of unacceptably light charged Higgses. This can be seen by setting the D-terms to zero and
looking only at the F-terms and soft terms in the Higgs potential. This reduced potential must
be invariant only under one global SU(2)L rotating all the Higgs doublets. If the non-abelian
symmetry is larger, there are unwanted charged Goldstone modes whose mass cannot be lifted
to an acceptable value by the D-terms 2. Diagrammatically, denoting by a link H iu ↔ Hjd a
term in the superpotential SH iuH
j
d for some singlet superfield S, the graph obtained must be
connected. This can be accomplished with a minimum of five such terms in the superpotential,
but some of the singlets can be used in more than one coupling.
Taking into account all these requirements one can perform a computerized search for all
models. In this letter we present a specific model that stand out for being characterized by a
unique solution for the charges. This peculiarity arises from the fact that the cubic anomaly
equation factorizes after having enforced all other constraints. The superpotential for this
model read
W ⊃ λ1S1H2uH3d + λ2S1H3uH2d + λ3S3H1uH2d + λ4S3H2uH1d + λ5S2H3uH3d +
k
2
S2S3S3 (12)
and the charges are given in table 1.
3 Analysis of the model
We now discuss some features of the model presented in the previous section. We begin by
analyzing the scalar potential and discussing the tree level spectrum in the Higgs sector. We
2The superpotential presented in the first version of this work suffered of this problem. It also had a non-
minimal number of singlets (four).
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Family Q u d L e Hu Hd
i = 1 0 3/10 1/10 0 1/10 −3/10 −1/10
i = 2 0 −3/5 −4/5 0 −4/5 3/5 4/5
i = 3 0 3/5 2/5 0 2/5 −3/5 −2/5
Singlets S1 S2 S3
−1/5 1 −1/2
Table 1: Values of the U(1)′ charges qiψ for the model discussed in the text.
then look at the fermionic spectrum and finish with some comments on the Z ′ mass and FV
processes.
The only dimensionfull terms that are allowed in the full Higgs potential VH are the non-
holomorphic, SUSY breaking diagonal scalar masses and the “A-terms” given by the same
analytic expression as the superpotential (12) with the replacement of the coupling constants
λr → br and k → a. Being part of the soft lagrangian they can be naturally at the TeV scale
if generated via dynamical SUSY breaking. In this case however the extra U(1)′ is not enough
to prevent another source of LFV such as m2LijL
i†Lj, but we will assume that the soft terms
are generated in a gauge mediation framework, where such problems do not arise3. The scalars
in the matter sector can always be arranged to be non-tachyonic by suitably large soft masses.
We thus set them to zero and analyze the scalar potential VH in the Higgs sector alone. We
also assume the couplings to be real throughout the analysis.
The model (12) has one additional global Peccei-Quinn (PQ) symmetry giving rise to an
axions in the neutral CP-odd sector. (This is actually a generic feature of all models of this
type.) We assume that its coupling is suppressed by a DFSZ mechanism [25, 26] at some higher
scale. Furthermore, the SUSY part of the potential has flat directions that could be lifted by
higher dimensional operators such as S2S
5
1 , also suppressed by some higher scale. Once all flat
directions are lifted, the addition of soft terms does not reintroduce instability at large field
since they are at most cubic in the fields. In addition, these higher dimensional terms break
explicitly the PQ symmetries giving an extra contribution to the mass of the axions. We will
not study the effect of such terms in detail and instead focus in the renormalizable part of VH
allowing for possible metastability.
Not counting the would-be Goldstone bosons and the axion, the model (12) has 5 charged,
9 CP-even and 6 CP-odd massive Higgses. We perform a generic random scan of parameter
3This is not strictly true in our context, since, as we will discuss in section 4, the Z ′ couplings do violate
flavor symmetry and thus will generate subleading off diagonal terms.
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Figure 1: On the left: Tree level mass of the lightest CP even Higgs vs. that of the lightest charged
Higgs for a set of randomly generated values of the couplings. On the right: Tree level mass of the
lightest CP even Higgs vs. that of the next to lightest one for the same set of couplings.
space. As the only simplifying assumption we set the vev’s of the neutral parts of the first two
pairs of Higgs doublets to v < 12 GeV , while letting v3u and v
3
d vary in the 100 GeV range,
subjected, of course, to the constraint on the Z mass. We take the vevs of the singlets to vary
between 3 and 6 TeV and all the coupling constants in the range [−1, 1]. We then solve for the
soft masses by imposing the extremality of the potential and look for islands of local stability.
The scatter-plots in fig. 1 indicate the tree level masses for the lightest scalars obtained this
way. These regions occur for 0.2 < |k| < 0.5 and a < −0.2. Note that the tree level mass of
the lightest Higgs can be pushed over the Z mass, although there are also points where it is
unacceptably light.
The model also gives rise to 4 charginos and 12 neutralinos and the scatter-plot of the
lightest chargino vs. the lightest neutralino and of the two lightest neutralinos are shown in
fig. 2, where we have also randomized over the gaugino Majorana masses M1,M2,M
′ in the
range between 0.2 and 1 TeV. The generic feature of the model is a very light neutralino LSP.
For 89% of the points examined we also find that the next to lightest particle in this sector is
also a neutralino, the lightest chargino being typically the third one.
In this context, it is worth mentioning that the lightest CP even scalar (h01) consists mostly
of the neutral Higgs fields of the third generation H0 3u and H
0 3
d (in case of tree level mass being
around 100 GeV it also contains some contribution from the singlets). The lightest neutralino is
to high accuracy the fermionic component of the singlet S1, alleviating the problems associated
with invisible decays. (Recall that the singlets only couple to the Higges and the Z ′.) The
higher mass particles are typically in the multi-TeV range.
Finally, the mass matrix for the vector bosons depends only on three combinations of the
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Figure 2: On the left: Tree level mass of the lightest neutralino vs. that of the lightest chargino for
a set of randomly generated values of the couplings, including the gaugino Majorana masses. On the
right: Tree level mass of the lightest neutralino vs. that of the next to lightest one for the same set of
couplings.
Higgses vevs, which are, now for generic values of the vevs:
v21 =
∑
i
(|viu|2 + |vid|2) ≈ 174 GeV2, v22 = ∑
i
(
qiHu|viu|2 − qiHd|vid|2
)
,
v23 =
∑
i
(
(qiHu)
2|viu|2 + (qiHd)2|vid|2 +
∑
r
(qrS)
2|vrS|2
)
. (13)
Notice that v2 < v1  v3 because of cancelations in v2 and the presence of singlet vevs in v3.
The masses of the charged vector bosons are unaffected while the masses of the two neutral
massive bosons are, to first non-trivial order in 1/v23:
m2Z ≈
1
2
(g21 + g
2
2)v
2
1 −
1
2
(g21 + g
2
2)
v42
v23
, m2Z′ ≈ 2g′2v23 +
1
2
(g21 + g
2
2)
v42
v23
. (14)
Recent experimental bounds on mZ′ can be found in [27, 28]. The presence of a Z
′ comports a
shift upwards of the ρ parameter of the order of v42/v
2
3v
2
1 that must be < O(10−3) in order to
satisfy precision tests. To make a complete analysis however, one should also include the loop
contributions of the four extra Higgs doublets on top of the MSSM one [29], but this is beyond
the scope of the present letter.
The strongest experimental constraints on this model arise from the potential FV effects.
These are induced by two sources, namely the family dependent charges and the multiple Higgs
couplings.
Tree level FV from the gauge sector arises after rotating the (right handed) matter fermions
into their mass eigenstates. Their effects on the low energy physics have been analyzed in
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e.g. [30] and can be parameterized by the off diagonal elements of the matrix
BψR = V
ψ
R q
ψ
R V
ψ†
R , (15)
where we denote by V ψL and V
ψ
R (ψ = u, d, e) the unitary matrices that diagonalize the Yukawa
couplings after EW breaking and by qψR the diagonal matrix of charges.
In the “best case” scenario, where the diagonalization of the Yukawa couplings is achieved
almost entirely by V ψL and V
ψ
R ≈ 1, the matrices BψR are also close to be diagonal.
Bounds on the off-diagonal elements of BψR come from various FV processes such as meson
mass splitting [31], µ− → e−γ decay [32] and muon conversion [33, 34, 35, 36]. For our model,
with mZ′ in the TeV range, all this can be essentially summarized by saying that, for i 6= j,
(BψR)ij . 10−5, requiring V
ψ
R ≈ 1 to the same accuracy.
The presence of multiple Higgs doublets implies additional sources of FV from the Yukawa
couplings. (A similar example arises in the type III 2HDM discussed e.g. in [37].) However,
because of the structure of the Yukawa couplings of our models (11), the FV processes are
controlled by the same matrix V ψR , since for V
ψ
R = 1 there is a basis in which their mass matrix
receives contribution from a single source. The bounds on the off diagonal terms are similar to
the previous ones.
Conclusions
In this letter we presented an extension of the MSSM where the absence of µ-terms and R-parity
violating interactions are justified by an extra U(1)′ symmetry. This was achieved by extending
the Higgs sector and giving family dependent charges to the right-handed matter fields.
It could be worthwhile to study models of such type in more detail. We presented the
main theoretical ideas of this construction and the basic phenomenological features. From the
preliminary analysis of the spectrum, we see that the most striking characteristics are the fact
that the tree level Higgs mass can be raised above the Z mass and the presence of a light
neutralino, which is mostly a singlet. Most of the remaining scalars and neutralinos/charginos
end up in the multi-TeV range, so we expect that the LHC signatures will not be too different
from those of some corners of the MSSM parameter space, and even more closely resemble those
of the NMSSM. The large number of additional parameters makes a more detailed analysis
of models of this type more complicated. This analysis would certainly become much more
motivated in the presence of a hint of SUSY or extra Z bosons at the LHC.
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